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hasty, and ignores some of the main difficulties of the 
subject, of attention and the voluntary control of the 
thought-process, and of the abnormal modifications of 
ideation in mental disease, sleep, and hypnosis. 

The unfolding of the third and final stage, voluntary 
action, with which the volume concludes, offers little that 
is noteworthy. The author adopts the new and growingly 
fashionable view that all our active consciousness, sense 
of muscular effort, and so forth, is the result of afferent 
nerve processes, and he proceeds, much in the manner of 
Miinsterberg, to resolve all volitional processes into com¬ 
plexes of sensations and ideas, more particularly ideas 
of movement. This seems to lead logically to the 
denial of any distinctive active or volitional psychosis 
answering to ideational or emotional psychosis ; and Dr. 
Ziehen is not afraid to express this denial, and fortifies 
his position by the debatable statement that psychiatry, 
while acknowledging a special variety of intellectual and of 
emotional disturbance, knows no such thing as a distinct 
volitionary disturbance. It is to be added that the 
exposition concludes with a particularly good discussion 
of the final results of psycho-physical research. The 
author here shows himself a genuine psychologist, and 
while insisting upon the invariable concomitance of a 
physiological factor in psychical phenomena, is so far 
from regarding the psychical as a non-essential and 
negligible accompaniment of the material process, that 
he closes in a quite Kantian strain by reminding us that 
the psychical chain is that which is known primarily and 
immediately, and which as such must always possess 
more reality for us. J. S. 


ACHIEVEMENTS IN ENGINEERING. 
Achievements in Engineering. By L. F. Vernon-Har- 
court, M.lnst.C.E. (London : Seeley and Co., Limited, 
1891.) 

HE object of this book is to describe some of the 
principal engineering works carried out during the 
last fifty years at home and abroad. The author has 
avoided technical phraseology to a great extent, thus 
making a very interesting subject as clear as may be 
to the general reader. Much subject-matter has been 
gleaned from many sources, and these are amply 
enumerated in the preface. 

The London Metropolitan Railways and the New York 
elevated railways are described in chapter i. The 
growth of the Metropolitan system is very interesting, 
and is traced from the opening of the first section from 
Paddington to Farringdon Street in 1863 to the comple¬ 
tion of the “ Inner Circle” from the Mansion House to 
Aldgate in 1884. The author states that when the Metro¬ 
politan Railway was first designed, it was intended that 
the traffic should be worked by smokeless, hot-water 
locomotives not burning fuel, as it was supposed that the 
trains would be small, and that “ foreign ” locomotives 
would not travel over the line to any important extent. 
This, however, was not carried out, and locomotives of 
the ordinary type were adopted. The ventilation there¬ 
fore proved defective, and even to this day improvement 
is greatly needed in many sections. The bad atmosphere 
is, of course, due to the locomotives in use, and the 
emission of steam considerably adds to the nuisance. 
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Locomotive engineering is surely able to cope with this 
trouble. The dead weight of the trains might be con¬ 
siderably reduced -with advantage, and the engines de¬ 
signed with ample condensing arrangements, even if the 
latter had to be attached to the engine as a separate 
vehicle. The boilers should, of course, be large enough 
to steam well with the ordinary blower, so that all the 
exhaust might be condensed. 

The Metropolitan Railway represents an engineering 
achievement novel in many respects and made under 
circumstances of peculiar difficulty. On the other hand, 
the New York elevated railways illustrate how the 
American engineers solved a similar problem in a very 
different manner Owing to the cost of “burrowing 
underground,” as the author aptly describes it, they re¬ 
jected the underground scheme, and for the same reason 
a railway on an arched viaduct was also considered 
undesirable. The railways have been carried along the 
streets, raised above the street traffic on girders resting 
upon wrought iron lattice columns standing at con¬ 
venient places on the line of the curb of the pavements. 
An illustration is given representing a street in New York 
and the elevated railways running on each side. No 
payment has been made for placing these columns along 
the streets, and no compensation has been paid for 
damages to residential property fronting the railways. 
The author estimates the depreciation in value, due to 
the presence of the railway, as not less than 50 per cent. 
The cost per mile will therefore be considerably less than 
in the case of the London Metropolitan Railway, in 
which case all these items were heavily paid for. The 
London railway cost about ,£575,000 per mile, whereas 
the New York elevated railways only cost about ,£81,000 
per mile. 

Chapter ii. describes railways across the Alps, the 
Rocky Mountains, and the Andes. On p. 30 we find an 
interesting diagram representing the gradients and 
altitudes of the heavy portions of these lines, from which 
it is evident that the lines in North and South America 
are at higher elevations and are more subject to snow 
than the highest of the Alpine railways, and more severe 
gradients are to be found. Take, for instance, the heavy 
gradient on the Mexican Railway, rising 6400 feet in 54 
miles, the maximum gradient being 1 in 25. This portion 
of the line is worked by Fairlie engines, which the author 
attempts to describe on p. 56. 

The author in describing the Festiniog Railway says 
that the traffic is worked up the long incline by “ duplex 
bogie engines, introduced in 1869, having two engines, 
united by a tender common to the two, and hinged at the 
centre.” Fie goes on to say that these are called Fairlie 
engines, after the name of their designer. The Fairlie 
engines as used on the Mexican Railway certainly do 
not agree with this description, nor does this description 
agree with the usually accepted type of engine known 
as the “ Fairlie.” The Fairlie engine consists of a special 
type of boiler carried on bogies, one at each end. These 
bogies have either four or six wheels, as the case may be ; 
each bogie is fitted with steam cylinders and gear complete, 
and all the wheels are coupled. The boiler has a smoke- 
box at each end, and is fitted with fire-boxes in the centre, 
being fired from the side. The steam pipes from the 
boiler to the “ steam ” bogies are flexible, to allow the 
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bogies to take the curves. The water is carried in side 
tanks, and the fuel on the top of the boiler and at the side. 
The author will observe that there is no central pivot and 
no tender; the engine is a tank engine ; and that the 
whole of its weight is good for adhesion. The Fairlie 
engines at work on the Mexican Railway weigh in order 
about 92 tons. The total wheel base is 32 feet 5 inches, 
and the rigid wheel base of the bogie is 8 feet 3 inches. 

Chapter iii. includes narrow gauge railways, as well as 
the Fell, Rigi, Pilatus, and Abt mountain railways. The 
use of a narrow gauge railway in place of the standard 
gauge is due to questions of cost of construction by 
diminishing the width of the line, and also enabling 
sharper curves to be adopted. Narrow gauge railways 
now in use were years ago of ample capacity for the traffic 
then available, but are now a continual source of trouble 
where the traffic has increased beyond their capacity. 
In some cases, where an increase of gauge is impossible 
owing to the cost, the rolling stock has to be designed 
to suit the abnormal requirements, and the locomotives 
recently designed have to be made to suit the conditions, 
and are working under adverse conditions from a 
locomotive engineer’s point of view. The cost of a break 
of gauge is a serious matter, involving as it does the trans¬ 
shipment of passengers and goods, as well as two classes 
of rolling stock. In India, for instance, the metre gauge 
has given place to the broad gauge of 5 feet 6 inches in 
many cases, in order to obtain through communication 
without break of gauge. The author gives an excellent 
description of the various mountain railways named, and 
they are without doubt monuments of engineering daring 
and skill. 

In chapter iv. an excellent description is given of the 
piercing of the Alps. To the rivalry of European Powers, 
each anxious to command a route, are due the several 
Alpine tunnels ; from the design and execution of the Mont 
Cenis tunnel to the more recent schemes west of the Sfc 
Gothard. Had the author told us a little more about the 
difficulties encountered, he would have added considerably 
to the interest. 

Tunnels under the Alps naturally give place to sub¬ 
aqueous tunnels in the sequence of subject-matter in the 
volume. The Mersey and Severn tunnels are described, 
and the tremendous difficulties encountered in the execu¬ 
tion of the latter undertaking are pointed out. We also 
find a description of several subaqueous tunnels in the 
States, including the Sarnia tunnel recently opened under 
the St. Clair river, to connect the Grand Trunk Railway 
of Canada at Sarnia with the United States Railways at 
Port Huron. The chapter closes with an account of the 
proposed Channel Tunnel. 

The progress and principles of modern bridge 
construction are treated in chapter vi. This gives a 
good account of the great advance made during the 
last fifty years in this important branch of engineering. 
Wrought-iron gradually superseded cast-iron in bridge 
construction, and steel has again superseded it. The 
manufacture of steel has now reached a stage in which 
there are no uncertainties in its quality. The earliest 
instance of the adoption of steel for a bridge is the St. 
Louis Bridge, over the Mississippi, constructed in 1867-74, 
and the most recent example is, of course, the cantilever 
bridge, with two spans of 1700 feet, over the Firth of 
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Forth. The author gives the great Indian bridge over 
the Rori branch of the River Indus, at Sukkur, very little 
notice, and does scant justice to this “achievement in 
engineering,” certainly a monument to its designer. De¬ 
signed by Sir Alexander M. Rendel, K.C.I.E.,M.Inst.C.E., 
and built by, and erected on the works of Messrs. 
Westwood, Baillie, and Co , of London, this bridge was 
taken to pieces and shipped to India, where it was 
re-erected. The chapter closes with an account of the 
proposed bridge over the Channel. 

Submarine mining and blasting are treated in the chapter 
that follows. This chapter is interesting mainly owing to 
a detailed description of the operations for improving the 
entrance to New' York Harbour by the removal of the 
obstructions at Hell Gate and Hallett’s reef. With refer¬ 
ence to the explosion at the latter site, it is interesting to 
observe that the earth-wave produced was carefully re¬ 
corded at various places, and the rate of transmission of the 
shock was found to be more rapid and more uniform when 
the shock passed northwards through rock, than when it 
passed through drift in an easterly direction. In travel¬ 
ling through drift, it reached Goat Island, a distance of 
145 miles, in 59 seconds, and Harvard College Obser¬ 
vatory, 182! miles, in 3 minutes 40 seconds; and in 
travelling through rock, it reached West Point, 42J miles 
distant, in 11 seconds, and Litchfield Observatory, 174J 
miles away, in 45F seconds. 

Chapters ix. to xv. deal with that branch of engineering 
which may be roughly included under the title of “ Har¬ 
bours and Docks.” In a previous work by the author, 
bearing this title, and reviewed in these columns, this 
subject was amply dealt with, and it will now be sufficient 
to state that the present chapters are well up to the 
standard of excellence of his previous work. We find 
an interesting description of the Manchester Ship Canal 
works in these chapters—a work rapidly nearing comple¬ 
tion, and one which, if successful, will be the forerunner 
of many similar works in this country. An illustration 
is given, showing the progress of the works forming the 
Eastham Locks, viewed from the Eastham end. This 
illustration gives a very good idea of , the magnitude of 
the undertaking. Another Manchester undertaking occu¬ 
pies considerable space in this work, viz. the Manchester 
waterworks, and more particularly the Thirlmere scheme. 
The author tells us that the eventual maximum daily 
supply of 50 million gallons of water will be conveyed to 
Manchester by an aqueduct, or conduit, about 100 miles 
long. Another similar undertaking is also discussed ; in 
the Liverpool Vyrnwy scheme we find how engineers 
have solved the difficulty of getting a pure water supply 
for that city. 

The volume concludes with an account of the Eddy- 
stone Lighthouse and the Eiffel Tower. 

The frontispiece is a portrait of Robert Stephenson, a 
very appropriate one for such a work. His name will ever 
be associated with the development of railways, as the 
author remarks ; and he might also have pointed out that 
the railway has been in many cases the reason for many 
“ achievements in engineering ” being called into exist¬ 
ence. 

Taken as a whole, this work is a very interesting 
one. It is well written, and the author may be con- 
| gratulated on having succeeded in his endeavour to de- 
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scribe briefly some of the principal engineering works 
carried out, at home and abroad, within the last fifty’ 
years. The book is well printed, and the illustrations 
are excellent, although there might perhaps have been 
more of them, considering that the general reader has to 
be provided for. N. J. L. 


GEOLOGICAL EXCURSIONS. 

Geologists' Association: a Record of Excursions made 
between i860 and 1890. Edited by Thomas Vincent 
Holmes, F.G.S., and C. Davies Sherborn, F.G.S. 
("London : E. Stanford, 1891.) 

HE Geologists’ Association began its useful career of 
work more than thirty years since. It has stimu¬ 
lated—more, perhaps, than any other body—a real in¬ 
terest in geology among those who live in and about 
London, because it has enabled students, still near the 
outset of their work, not only to meet for mutual help 
and encouragement, but also to be aided by those of 
repute in science. Of its meetings, not the least pleasant 
and useful are the excursions. At first these were made 
generally once a week, so long as weather permitted, and 
they occupied a Saturday afternoon or at most a single 
day. Then an occasional journey of longer duration was 
attempted ; now it is usual to undertake excursions, last¬ 
ing two or three days, at Easter and Whitsuntide, and 
one of a week or more during the summer holidays. 
Before each excursion a flysheet is issued to the members 
with a brief description of the geology of the locality, 
illustrated by diagrams and containing references to 
books and papers. Afterwards, a report of the excursion 
is inserted in the Proceedings of the Association. It was 
a happy thought to collect together in one volume these 
scattered notices, for they give succinct descriptions of 
almost all the localities of geological interest readily 
reached from London, so grouped as to be conveniently 
accessible. Thus the student, instead of having to com¬ 
pile for himself, from books or maps, a plan of campaign, 
whether for an afternoon or for a longer time, finds every¬ 
thing arranged ready to his hand, and is directed to the 
sections best worth visiting. These diagrams and reports 
possess a further value, that they frequently record sections 
which can be no longer examined, because they now either 
are overgrown by vegetation, or have been removed in 
quarrying. The work therefore is a geological guide-book 
of an exceptional and a very convenient character to a 
large district around London, and to several other locali¬ 
ties of special interest in England. 

The plan which has been followed in compiling the 
volume is stated in the preface. The excursions are 
grouped, as far as possible, within county boundaries; 
where more than one visit has been paid to any place, 
the editors have “either suppressed the shorter, and 
retained the fuller, or given front each account that 
which is not to be found elsewhere.” The reports have 
been condensed by the excision of matters of general or 
merely temporary interest, and although references are 
made to all excursions up to the year 1890, no reports are 
given of later dates than 1884, because since 1885 it has 
been customary to print all these in the November number 
of the Proceedings, so that they can be easily consulted- 
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The thanks of the Association—indeed of a wider circle 
of geologists—are due to the editors for the pains which they 
have taken in discharging a very laborious duty. It seems 
almost ungracious to criticize, and to do it effectively 
would require encyclopaedic knowledge ; but we think that, 
though it may have been “impossible to send each report 
to the original reporter for revision,” it would have been 
prudent to submit it to someone with a special know¬ 
ledge of each district. These reports occasionally con¬ 
tain obiter dicta , or the crude speculations of members 
who are better acquainted with their own locality than with 
the principles of the science. Hence obsolete notions are 
preserved like flies in amber : these may perplex, but they 
cannot help the beginner. By way of testing the results 
of the editors’ method, we have examined the reports of 
two or three districts with which we are specially familiar. 
The statement on p. 203 about the section at Roswell 
Pit, near Ely, is misleading. The natural interpretation 
of its words would be that the Kimeridge clay formed a 
part of the great erratic. This, in reality, consists of 
Cretaceous rocks, the Jurassic clay being in situ. On p. 
216, the sentence “ at the base, as at the top of the Gault,” 
should have been “ below the base, as above the top.” 
Again, the clay beneath the neighbouring Upware lime¬ 
stone, now admitted to be Coral rag, cannot well be 
Ampthill clay, and we are not aware of any evidence in 
favour of this view. Again, the account of Charnwood 
Forest needs correction. At p. 463 a statement is quoted, 
which was published without due authority, and has been 
recalled by the author. On pp. 465 and 466 the sugges¬ 
tion that the Charnwood Forest rocks “ought to be called 
Laurentian” should have been cancelled. It was ground¬ 
less, even as Laurentian was defined in 1875 : it is absurd 
now. All reference to the “ Archaean Petrology” of Prof. 
Ansted might well have been omitted. On p. 472, Peldar 
Tor is twice misprinted Peddar Tor. We know of no 
ground for the statement, on p. 473, that “ the quartz [in 
the rocks of this neighbourhood] appears to be of sub¬ 
sequent formation.” Doubtless similar defects could be 
pointed out by others ; indeed, our own list is not quite 
exhausted, but we have no desire to carp at a book on 
which so much labour has been bestowed, and prefer to 
welcome it as a valuable addition to British geology, 
which will be indispensable to all students who live in 
the neighbourhood of the metropolis. T. G. B. 


OUR BOOK SHELF. 

Across East African Glaciers : An Account of the First 
Ascent of Kilimanjaro. By Dr. Hans Meyer. Trans¬ 
lated from the German by E. H. S. Calder. (London : 
George Philip and Son, 1891.) 

Long before he thought of exploring any part of Africa, 
Dr. Meyer was an experienced and enthusiastic traveller. 
The idea of undertaking explorations in “ the Dark Con¬ 
tinent” was suggested to him by the fact that while the 
German colonial possessions in the west of Africa had 
been thoroughly investigated under Government super¬ 
vision, and at the Government expense, those in the 
East had been left to the more limited resources of 
commercial companies. It occurred to Dr. Meyer that 
he might do good service to his countrymen by devoting 
himself to the task w'hich the German Government seemed 
so unwilling to undertake. Accordingly, in 1886, he began 
to make preparations for the accomplishment of his plan 
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